Abstract. Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a newly characterized, rare malignant tumor of the skin and hematopoietic system. BPDCN occurs mainly in the elderly, whereas it is rarer among children, and has variable clinical manifestations. Optimal chemotherapeutic regimens for the treatment of BPDCN have not yet been determined and this tumor has a poor prognosis. In this study, two pediatric cases of BPDCN, including a 7-year-old female and a 9-year-old male patient, diagnosed at the Xiangya Hospital of Central South University over the past 2 years, were retrospectively reviewed. Both cases exhibited multiple organ involvement, although the clinical manifestations differed; they were diagnosed with BPDCN based on the clinical manifestations, pathological and immunohistochemical findings, which included positivity for CD4, CD56 and CD123. A high-risk acute lymphocytic leukemia (ALL) chemotherapy regimen was administered to both patients. The patient in the first case achieved a complete remission, but unfortunately her parents refused follow-up treatment and she succumbed to the disease 9 months after the initial diagnosis. The second patient was treated for a total of three courses with a chemotherapy regimen including daunorubicin, cytarabine and etoposide, followed by two courses of the high-risk ALL chemotherapy regimen; unfortunately, a remission was not achieved and the patient was scheduled to receive hematopoietic stem cell transplantation. Thus, not all pediatric BPDCN patients may be able to achieve complete remission following chemotherapy with the high-risk ALL regimen, and other treatment options must be investigated in the future.
Introduction
Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a rare malignant tumor of the skin and hematopoietic system, first described in 1994 as a special type of lymphoma highly expressing CD4/CD56 (1); it was reclassified as a distinct entity, named BPDCN and classified under acute myeloid leukemia (AML) and related precursor neoplasms in the 2008 WHO Classification of Tumors of Haematopoietic and Lymphoid Tissues (2) . BPDCN is a highly malignant tumor, clinically characterized by multiple organ involvement, frequently including the skin and bone marrow. Based on the extremely low incidence of BPDCN, which only accounts for 0.44% of all hematological malignancies (3), a standard and definitive systemic chemotherapy regimen has not yet been established; thus, this disease has a poor prognosis, with a mean survival of 12 months (4). We herein report the cases of two pediatric BPDCN patients who were treated with the chemotherapy regimen for acute lymphocytic leukemia (ALL), in order to determine the optimal treatment protocols and to investigate the differences between adult and pediatric patients.
Case reports
Case 1. A 7-year-old female patient was hospitalized at Xiangya Hospital of Central South University (Changsha, China) in January, 2015, with complaints of nodular skin lesions of the left leg for 5 months, systemic lymphadenectasis for 2 months and skin ecchymosis for 3 days. The patient reported developing skin nodules in the left leg 5 months prior, without discomfort. A simple surgical resection was performed at another hospital and the results of the pathological examination did not reveal a malignancy; thus, no additional treatment was performed. Two months prior to admission, superficial lymphadenectasis was observed in several regions. Finally, ecchymoses also developed 3 days prior to admission in a number of sites, such as the bilateral periocular region ('raccoon eyes'), conjunctiva, oral mucosa, perineal area and groin. The findings on physical examination were significant, including ecchymoses sized ~4 cm in the abovementioned regions, and superficial lymphadenectasis with firm, movable and non-tender nodes palpated in the neck, axilla and groin (maximum size, ~3x4 cm). There was also hepatosplenomegaly, with the liver palpated ~15 mm and the spleen ~16 mm under the lower costal margin. The laboratory findings revealed rapidly progressing pancytopenia [white blood cell (WBC) count 15.56x10 9 /l (normal range, 3.5-9.5x10 9 /l), hemoglobin (HGB) level 124 g/l (normal range, 130-175 g/l), and platelet (PLT) count 450x10 9 /l (normal range, 125-350x10 9 /l) on November 29, 2014 vs. WBC 15.3x10 9 /l, HGB 45 g/l and PLT 2x10 9 /l on January 13, 2015], with serum levels of lactate dehydrogenase elevated to 505 IU/l (normal range, 120-250 IU/l). Color ultrasonography of the superficial lymph nodes revealed enlarged nodes in the left groin (maximum size, 40x25 mm), whereas color ultrasonography of the abdomen revealed enlarged lymph nodes in the abdominal cavity (maximum size, 28x16 mm) and hepatosplenomegaly, with the liver projecting ~15 mm and the spleen ~16 mm under the lower costal margin. A computed tomography (CT) scan of the chest revealed no significant findings. Bone marrow cell morphology examination revealed medullary proliferative activity, with abnormal cells accounting for ~36%, with large cell body mass, scanty cytoplasm, no obvious granules, nucleus partly deflected to one side, elliptical nuclei, peroxidase Based on clinical manifestations, pathological and immunohistochemical results, and the positive results for CD4, CD56 and CD123 by bone marrow flow cytometry, the patient was diagnosed with BPDCN and was treated with a high-risk ALL chemotherapy regimen [a total of two courses of treatment with vincristine, daunorubicin, pegaspargase, dexamethasone and prednisone (VDLD regimen) and cyclophosphamide, cytarabine and mercaptopurine (CAM regimen) (Table I) , after which the ecchymoses disappeared and the enlarged lymph nodes decreased in size. No abnormal cells were found on morphological examination of the bone marrow, and bone marrow flow cytometry demonstrated that primitive precursor cells accounted for 1.5% and expressed CD33, CD34, CD123 and CD117. The patient's parents refused follow-up treatment due to financial difficulties and she succumbed to the disease 9 months after the initial diagnosis.
Case 2. A 9-year-old male patient was admitted to the Xiangya Hospital of Central South University (Changsha, China) on January 4, 2016, due to edema of the bilateral maxillofacial region, bilateral testicles and right-sided gingiva, with intermittent fever for >20 days that did not improve with antibiotic therapy. In addition, the patient presented with generalized bone pain. On physical examination, there were no visible skin changes. A bean-sized lymph node was palpated in the right submaxillary area, which was firm, movable, and non-tender. There was also bilateral maxillofacial swelling, with bilateral non-tender lumps sized ~2x3 cm. In addition, there was a swelling with a small erosion on the surface of the right-sided lower gingiva, and bilateral testicular edema that was tender on palpation. The findings of routine blood tests were non-significant (WBC 3.6x10 9 /l, HGB 122 g/l, PLT 304x10 9 /l), but there were elevated serum levels of lactate dehydrogenase (505 U/l) and C-reactive protein (100 mg/l). The results of the tests for α-fetoprotein, neuron-specific enolase (NSE), ferritin, sex hormone determination and vanillyl mandelic acid were non-significant. Color ultrasonography of the maxillofacial region revealed non-echogenic areas bilaterally (left, 25x8 mm; and right, 24x10 mm). A computed tomography (CT) scan of the maxillofacial region revealed cystic lesions in the bilateral mandibular angles; magnetic resonance imaging (MRI) of the maxillofacial region demonstrated lesions with abnormal signal in the mandible and surrounding muscles bilaterally (right, ~4.4x4.3 cm; and left, ~3.7x3.6 cm). A CT scan revealed bilateral enlargement of the testes and epididymis, with rough margin of the bilateral spermatic cord. A whole-body bone scan revealed bone metabolic abnormalities in the bilateral maxilla and mandible, upper right humerus, upper-middle sections of the left humerus, upper right femur and upper left tibia. The findings of the brain MRI were normal; a mediastinal CT scan revealed a soft tissue lesion sized 8.1x3.8 cm in the anterior mediastinum, and an enhanced CT scan of the abdomen revealed segmental thickening of the rectal and colonic wall to a maximum thickness of 2.4 cm, with multiple retroperitoneal (around the root of mesentery) and pelvic enlarged lymph nodes (1 cm), and significantly increased size of the bilateral testes. Findings from the bone marrow aspirate were normal at the time of onset, but a second aspirate obtained 20 days later included large abnormal cells, accounting for 31.5% of karyocytes, considered as AML-M5 cells with round or irregular nuclei, conspicuous chromatin, partially visible nucleoli, and abundant cytoplasm with fine granules. The majority of these cells were negative for peroxidase staining and only some were weakly positive. Subsequently, flow cytometry analysis of the bone marrow was performed and revealed a group of abnormal cells accounting for 4% of the karyocytes, and these cells were positive results for HLD-DR, CD4, CD13, CD15, CD33, CD38, CD56 bri , CD64, CD117 and CD123. Karyotype analysis of the bone marrow cells yielded normal results, but leukemia-related fusion gene detection identified mixed-lineage leukemia/eleven-nineteen-leukemia (MLL/ENL). Histopathological examination of a bone marrow biopsy specimen revealed some abnormal cells of medium to large size, with oval or spindled nuclei, conspicuous chromatin strands and partially visible nucleoli, while the immunohistochemical examination of these abnormal cells revealed that they were CD3 . Subsequently, the surgical biopsy specimen from the swelling in the gums was sent to the Sun Yat-sen University Cancer Center for consultation, and the conclusion was that the lesion was + and Ki-67 15%. Based on the clinical manifestations, histopathological findings, immunohistochemistry, and positive results for CD4, CD56 and CD123 by bone marrow flow cytometry, the patient was diagnosed with BPDCN and was treated for a total of three courses with daunorubicin, cytarabine and etoposide (DAE regimen) and two courses of high-risk ALL chemotherapy regimen (VDLD and CAM) (Table I) . Unfortunately, the patient did not achieve a remission based on the CT examination of the mediastinum and abdomen. The CT of the maxillofacial region revealed partial remission, as did the whole-body bone scan and color ultrasonography of the testes, whereas the findings of the bone marrow aspiration revealed complete remission. The patient was found to be completely matched with his brother, and the allogeneic hematopoietic stem cell transplantation (allo-HSCT) was performed in May, 2016. Thus far the patient remains alive and relapse-free (date of last follow-up, June 30, 2017).
Discussion
BPDCN is a rare malignant tumor, and was previously referred to as blastic natural killer (NK) cell lymphoma/leukemia, a granular CD4 + NK cell leukemia, or CD4 + /CD56 + hematodermic neoplasm for a long time of past. Chaperot et al (5) then observed that the BPDCN cells were able to produce α-interferon following viral stimulation and differentiate into dendritic cells, while Petrella et al (6) discovered that the tumor cells expressed CD123, similar to the plasmacytoid dendritic cells; thus, it is generally accepted that the origin of BPDCN cells is the plasmacytoid dendritic cell, and the neoplasm was named BPDCN and classified under AML and related precursor neoplasms in the 2008 WHO Classification of Tumors of Hematopoietic and Lymphoid tissue (2) . BPDCN is a rare malignant tumor, accounting for 0.44% of all hematological malignancies (3), and mainly occurs in elderly males, with the median age at onset in the sixth decade of life (7-9) and a male:female incidence rate ratio of 2-7.25:1 (10-13). However, pediatric cases, even in infants and young children, have also been reported (14, 15) . Clinically, there is nearly always multiple organ involvement, and cutaneous involvement characterized with tumor cells located under the dermis is the main initial presentation of BPDCN in the majority of the cases, although occasionally there is no cutaneous involvement and the disease presents with leukemia symptoms (16, 17) ; in addition, extracutaneous involvement often occurs simultaneously, such as in the lymph nodes, peripheral blood, bone marrow, skeleton, gastrointestinal tract, central nervous system, lung, mediastinum and pancreas (18) (19) (20) (21) ; however, to the best of our knowledge, testicular involvement has not been reported to date. The patient in case 1 exhibited typical clinical manifestations, with initial skin involvement, followed by rapid occurrence of multiple organ involvement (lymph nodes, liver, spleen and bone marrow); as regards the second patient, there was simultaneous occurrence of bilateral maxillofacial involvement, confirmed by histopathological examination of a surgical biopsy specimen, bilateral testicular involvement and mediastinal involvement, confirmed by histopathological examination of a needle biopsy specimen, prior to bone marrow involvement. Thus, the original location of the tumor in this patient could not be determined; however, regardless of the origin, none of these locations have been previously reported to the best of our knowledge, while skin involvement was not observed over the entire course of the disease. Both patients developed leukemia-like symptoms, and both exhibited bone marrow invasion, so that both were misdiagnosed as AML-M5 based on the bone marrow cell morphology, suggesting that the BPDCN cells have a high affinity for the bone marrow, and that BPDCN is not easily distinguished from AML-M5 when the BPDCN cells are located in the bone marrow (Table II) .
The diagnosis of BPDCN relies on histopathology and immunohistochemistry. As regards histopathology, the tumor cells comprise a monomorphic population of small-to middle-sized cells, with round or irregular nuclei, conspicuous chromatin, partially visible nucleoli, and scant to moderate amounts of cytoplasm with fine granules (22) . As regards immunohistochemistry, the BPDCN cells may be positive for CD4, CD43, CD45RA, CD56, BDCA-2/CD303, BDCA-4/CD304, CD123, T-cell leukemia/lymphoma protein 1 (TCL1), cutaneous lymphocyte antigen, CD68, CD7, CD38, CD99, S-100, TdT and CD31, according to previous reports, and are often negative for lymphoid (CD3, CD19 and CD20) and myeloid (CD117, MPO) markers (6, (23) (24) (25) (26) (27) ; EBER, Ig heavy chain rearrangement and TCR rearrangement are also usually negative (12, 24) . Among the abovementioned results, the positive reaction to CD4, CD56, CD123, TCL1 and CD303 was important for the diagnosis of BPDCN. Julia et al suggested that BPDCN may be diagnosed if 4 of these 5 markers are positive (4). The rate of S-100 positivity is only 25% in adults but 75% in pediatric patients, and it may also be used to diagnose this disease and to predict prognosis (14) . TdT positivity may be observed in some patients, and a strong positive reaction for TdT (>50% of all tumor cells) predicts a favorable prognosis (14, 28) . In the present study, immunophenotyping revealed that CD4, CD56 and CD123 were positive in the two patients and these results were consistent with BPDCN (Table III) .
According to previous reports, abnormal cytogenetics was often observed. On karyotype examination, there are common chromosomal abnormalities, including 5q21 or 5q34 (72%), 12p13 (64%), 13q13-21 (64%), 6q23 (50%), 15q (43%) and complete deletions of chromosome 9 (28%), but cases with normal karyotype have also been reported (29, 30) . In the present study, the karyotype examinations of the bone marrow were normal in both patients; however, karyotype examinations of biopsy specimens were not performed. In addition, previous studies reported gene abnormalities, including deletions, such as CDKN1B, CDKN2A-ARF-CDKN2B (31), increased expression, such as HES6, FLT3 and RUNX2 (32) , and mutations, such as TET2 and ASXL1 (33) ; however, to the best of our knowledge, no fusion genes were previously reported. In the present study, leukemia-related fusion gene detection was performed for both patients due to the bone marrow involvement; the results were MLL/ENL-positive (only in case 2) and, to the best of our knowledge, this is the first reported pediatric BPDCN case with a positive result for MLL/ENL. MLL/ENL positivity may be associated with T-ALL or AML-M4/M5 in children, and often predicts a poor outcome; however, its significance for BPDCN patients remains unknown.
There is currently no optimal therapeutic strategy for BPDCN. Chemotherapy, HSCT and targeted therapy have all been used to treat patients with BPDCN. As regards chemotherapy, single agents (such as daunomycin and cytarabine) and combination regimens, such as CVP (cyclophosphamide + vincristine + prednisolone), L-asparaginase + methotrexate, L-asparaginase + methotrexate + dexamethasone all have been used to treat BPDCN, and may achieve complete remission temporarily. However, the disease often relapses within a short time (12, (34) (35) (36) (41) . In the present study, the patient in case 1 achieved complete remission after two courses of treatment with high-risk ALL chemotherapy, but succumbed to the disease 9 months after the initial diagnosis as she did not receive follow-up treatment; a similar chemotherapy regimen was used to treat the patient in case 2, but the outcome was not as satisfactory. The differences between these two patients leading to different efficacy of the same chemotherapy regimen require further elucidation (Table IV) .
In conclusion, the present study was focused on BPDCN in pediatric patients and, despite reporting on only 2 cases, it may provide relevant information that may differ from previous reports. First, as regards clinical manifestations, although both patients exhibited multiple organ involvement, consistently with previous reports, the patient in case 2 had bilateral testicular involvement that, to the best of our knowledge, had not been reported to date, suggesting that the tumor cell may traverse the blood-testis barrier. In addition, the patient in case 2 exhibited maxillofacial, testicular and mediastinal involvement, but the origin could not be determined, although involvement of either site has not been previously reported. This may serve as a reminder that the possibility of BPDCN must be considered when a malignant tumor is encountered in these locations. Second, both patients exhibited bone marrow involvement and were considered as AML-M5 based on bone marrow examination, suggesting that the BPDCN cells are similar to AML-M5 cells on microscopic examination; thus, the possibility of BPDCN must be considered to avoid misdiagnosis when the results of the bone marrow examination indicate AML-M5 with skin involvement, or when these results are not consistent with those of flow cytometry analysis of the bone marrow. Third, the MLL/ENL fusion gene was detected in the patient in case 2. This fusion gene was first identified in pediatric BPDCN patients and is also associated with T-ALL or AML-M4/M5 in children; however, the significance of MLL/ENL positivity in BPDCN patients has not been fully elucidated. Finally, there were several differences between the two patients, as well as an entirely different outcome with the ALL-like-chemotherapy regimen, suggesting that ALL-like-chemotherapy may not be the optimal choice for pediatric BPDCN patients.
Based on the rarity of this disease and its poor prognosis, more studies are required to identify prognostic factors and determine the optimal treatment. The present study may contribute to future research, particularly for BPDCN in children. 
